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Magnetic profile and interlayer exchange coupling in fcc Fg/Ni,, (001) superlattices
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We have performedab initio calculations to study the electronic and magnetic structures of fcc
Fe,/Ni,(001) superlattices. A ferromagnetic coupling between Fe and Ni atoms is always obtained at the
interfaces for any value ah or n. The interlayer exchange coupling between adjaceptdiibs through Fe
spacer displays an oscillatory behavior which is strongly modified when mixed Fe-Ni interfaces are considered.
The iron atoms close to the interface form an induced ferromagnetic arrangement whereas the atoms inside the
fcc Fe film give rise to an antiferromagnetic order. The compositional ordering at the Fe/Ni interface introduces
a c(2x2) type of antiferromagnetism in the Fe layers in the case of ferromagnetic interlayer exchange
coupling.

DOI: 10.1103/PhysRevB.66.144428 PACS nuni§er75.70.Cn, 73.20.At, 75.50.Bb

[. INTRODUCTION x-ray absorption(XMCD) to study the magnetic phase of
Ni/Fe/Co/C{100. They obtained three magnetically differ-
The fcc Fe/Ni superlattice is a very peculiar system re-ent thickness regions of Fe with effective spin moments per
lated to the magnetic instability of the-Fe and the atom of 2.5ug (below 3.5 MD, 0.7ug (3.5-11 ML, and
ferromagnetic-induced polarization effect by the Ni slab on2.0ug (above 11 ML. By LEED and XMCD, O’Brien and
Fe atoms which depends on the local ordering. Of particulafonnef found distinct magnetic phases for the growth of Fe
interest is the complexity of the interaction between the magfilm on Ni. For Fe coverages below 5 ML the films are fer-
netic and compositional ordering. Recently, much attentiorromagnetic, and between 5 and 11 ML the films are nonmag-
has been addressed to this system by various experimentgétic, but include a ferromagnetic live monolay@iL) at
groups. the Ni/Fe interface.
Lu et al! have studied the epitaxial growth gfFe on By LEED and PDMEE, Luchest al® obtained for thin
Ni (001 at room temperature with low-energy electron dif- go fiims grown on Ni0O1) evidence of intermixing between
fraction (LEED) and Auger electron spectroscopy. Their ex- g and Ni in the first 3 ML. At low temperature, Fratucello

periments indicate that Fe grows on the(B01) in a strained and Prandirfi detected a strong diffusion, by Msbauer

fce structure, but films thicker than about six layers Conta'nspectroscopy, at the Fe/Ni interface interpreted in terms of

domains of the stable bcc phase. With a primary-bea C : 0. -
diffraction-modulated electron emissigRDMEE) and sec- "the m|n|.m|zat|on of the strain energy. Achargaal. W'th .
conversion electron Mssbauer spectroscopy show a mixing

ondary electron imaging techniques, Gazzadial?® pre- . . . : .
dicted that for Fe films on a K001 substrate the transition qt th_e interface of Fe/Ni multilayers. The experimental inves-
tigations of Lucheset al, Fratucello et al, and Acharya

to the bcc phase occurs through nucleation of (bb® 810 1 ; _ _
domains with the bdd11]ffcq[110] orientation. In Ni/Fe/ €t al”~"display clear evidence of alloying at the interface,
Ni(112) trilayers, Fratucellet al® measured, by Mesbauer N @greement with the usual phase dla_g+’anf Ni-Fe. .
spectroscopy, a high hyperfine figle-28 T) assigned to Fe From all these experlmental studies a re_levant .pomt
atoms close to Fe-Ni interface with a high-spin ferromag-of general agreement is a strong ferromagnetic Fe-Ni cou-
netic state and a low hyperfirie-8 T) field corresponding to  Pling at the interfaces which display alloyed crystalline
inside Fe atoms with a low-spin antiferromagnetic state. ~ structure. Different magnetic phases are also observed in
Edelsteinet al* have measured with a superconductingthe Fe spacer.
quantum interference devicéSQUID) magnetometer a On the theoretical side, Raet al using a first-
strong magnetic coupling between the Ni and Fe layers at thprinciples molecular approach, have determined the equilib-
interface which enhances the magnetization of both Fe andum geometry, binding energies, and magnetic properties of
Ni atoms. By using x-ray diffraction, Kuch and Parkinave  FeNi clusters. The equilibrium geometries found for
studied the structure of the Fe spacer in the F@OW) mul-  (NiFe), (n=1,2,3,4) clusters have a large number of FeNi
tilayers. They show that, as the Fe layer thickness is inbonds, and energetically preferable isomers are those where
creased, its structure varies from a vertically expanded fc&e-Ni bonds are maximized. All clusters are found to be
structure(<7 A) to a nearly relaxed fcc phage14 A), and  ferromagnetic and the magnetic moments per atom of these
finally to a bcc(011) phase. These three phases are respeclusters are almost insensitive to the specific geometry. In all
tively ferromagnetic, antiferromagnetic, and ferromagneticcases, the atomic magnetic moment is higher than those ob-
Kuch et al® have used a combination of photoelectron emis-tained for Fe and Ni in their bulk form. Moreover, their
sion microscopy and magnetic circular dichroism in softvalues are almost constantugd for Fe and g for Ni.
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The aim of the present work is to present aln initio
study of the magnetic properties of F&li,(001) superlat-
tices forn=1,2,3,4,5,6 andn=3,5. We have used the tight-
binding linear muffin-tin orbital in the atomic-sphere ap-
proximation (TB-LMTO-ASA). The generalized gradient
approximation(GGA) is used for the exchange-correlation
potential of the density-functional theofpFT) because lo-
cal density approximatiofLDA) does not reproduce the
ground state of bul® Fe. However, it is known that non- .
spherical effectgcompletely missing from the AS)Aare im- 04
portant to the GGA. Nevertheless, as discussed by M’Passi-
Mabiala et al'* the GGA approach used within the ASA
improves considerably the agreement with the experimental
results in the case of a half Mn monolayer adsorbed on fcc
Co(001). Indeed, both XMCD and magneto-optical Kerr ef-
fect (MOKE) results displayed a ferromagnetic coupling be-
tween Mn and Co whereas LDA calculations by Meza-
Aguilar et al® obtained an antiferromagnetic coupling. It is
another reason to use the GGA.

First we determine the lattice parameters of bulk fcc Ni - =
and fcc Fe by minimization of the total energy. The ground
state of fcc Fe is antiferromagnetic with a lattice parameter ot 11 1 1
ar.=6.56 a.u. and a magnetic moment qig. Depending 64 65 66 67 68 69 70
on the lattice parameter, metastable ferromagnetic states with Lattice parameter (a.u.)
high (2.5wg) and low (1.2tg) spin are also obtained in
agreement with Moruzzét al'® We expect that these meta-
stable magnetic configurations could be stabilized b

pseudomorphic growth on suitable substrates. Beside tq%dicate EM high spin: squares, FM low spin: stars, NM: and

in-plane ferromagnetic cqnflguratlon .Of Fe we have, forcircles, AF order. The ground state is AF with,=6.56 a.u. and
completeness, also considered the in-plane antn‘erromagi —1.0u
netic configurationc(2x2). Moreover, at the Fe/Ni inter- ' ¢~ °
faces some interdiffusion could take place. We have modeletflehl-Hu GGA the calculated lattice parameter for Ni is
it via a monolayer containing both Fe and Ni in anay;=6.61 a.u. and the magnetic moment is .g3 The
Fey Nig sordered way. Perdew-Wang GGA leads t@\;=6.80 a.u., higher than the
experimental on€6.64 a.u). In this context it is essential to
note that there is significant difference between using the
Il. THEORETICAL MODEL AND BULK PROPERTIES LDA or GGA. Although there exist different analytical forms
OF IRON AND NICKEL for both approximations, there is nearly complete agreement

As stated previously, the calculations are performeofbom all the conditions that have to be satisfied by the cor-
) . ding analytical representations only in the case of th
using a scalar-relativistic version of tlkespace TB-LMTO esponding ana’ylca: represenations only in the cas ©

4718 i . s . LDA. In spite of the very great success of the LDA to de-
method’ ™ with the atomic-sphere approximation. ThiS gqrine the properties of solids, this latter presents some defi-
method is usually based on the LIRef. 19 of the density-  cjencies. The LDA leads to lattice constants which are in

functional theory.>*" The lattice parameters and atomic general underestimatedhe case ofa-Fe is well known
magnetic moments of the Ni and Fe fcc bulk are calculateqyhile cohesive energies and bulk moduli are correspondingly
using LSDA and GGA by minimization of the total energy. gverestimated.

The Langreth-Mehl-Hf and Perdew-Warfd GGA func- As there is still no such general agreement concerning the
tionals have been tested and finally the Langreth-Mehl-HWGGA, various functionals can lead to different results, as we
functional was retained because it gave the best agreemeféve probed it in the present work fgsFe and Ni. The GGA

for Fe with other calculation§’*®*~*As shown in Fig. 1, Perdew-Wang functional yields an incorrect description of
our calculation versus lattice parameter of fcc Fe leads to onghe magnetic structure of-Fe and overestimates the lattice
nonmagnetic configuration fomg,<6.46 a.u. and three parameter of Ni.

phases: nonmagnetiblM), antiferromagneti¢AF), and fer- On the other side, it was already pointed out by Singh and
romagnetic(FM) with low (=~1.0ug) and high &2.5ug)  Ashkenaz that in the GGA, there is an increased tendency
spins forag,>6.46 a.u. The AF phase is generally moretowards magnetism in general and, in particular, towards
stable than the NM and FM phases and the ground state larger magnetic energies. Despite these deficiencies, the
obtained for a lattice parameter of 6.56 a.u. and a magneticangreth-Mehl-Hu GGA gives a good description of the
moment of 1.Q.g. Let us notice that fcc iron can only be magnetic structure for both fcc Fe and Ni elements contrary
stabilized at low temperature as thin films epitaxially grownto the Perdew-Wang functional. The overestimation of the
on appropriate substrates. Using the LDA and Langrethmagnetic energy in the GGA used in the present work to
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FIG. 1. Total energieglower panel and magnetic moments
upper panel of fcc iron obtained from TB-LMTO-ASA calcula-
ions within the GGA for different magnetic orderings. Triangles
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study the Ni,/Fe, multilayers is somewhat canceled in the
calculation of the interlayer exchange couplifigC) which

is defined as the total energy difference between the mos
stable magnetic arrangements of Fe atoms in the spacer layt

for FM and AF spin orientations of two successive,Slabs. = me="
For all the Fg/Ni,, superlattices studied in the present =

paper we have considered pseudomorphic growth; i.e., theg o ﬂﬂ ﬂﬂ —— _— ﬂﬂu

in-plane interatomic distance of Fe is chosen to be the samg -if m IJ[I] e

=

as that of fcc Ni, whereas the Fe-Fe out-of-plane interatomicg
distance is determined according to the constant volume ap2
proximation. However, we did not calculate the distance at
the Ni-Fe interface because the ASA is known to yield incor-
rect results for energy changes that are connected to anisc
tropic deformatior?® Instead, the Ni-Fe interface distance is
chosen as the arithmetic mean value of the calculated Ni and

Fe lattice parameters. In order to minimize the numerical ' C: 2- Magnetic profilesin ug) of Fe/Nis (n=1,2,3,4,5)
superlattices for FM and AF interlayer exchange couplings between

errors we have considered in e}ll calculations two atoms pe i slabs (Ieft and right panels, respectivélyDark (open bars
plane and the antiferromagnetic supercell for both AF an epresent the values of the magnetic moments of the(F

FM interlayer exchange couplings investigated. atoms. Two magnetically inequivalent atoms per plane have been
considered.

:IIIIIII]I]DDI]DI]UIIIIII -ll-””ml]l]["]“--
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I1l. MAGNETIC MAP AND INTERLAYER EXCHANGE
COUPLING OF Fen/Niy (M=3.9 solution turns out to be in-plane ferromagnetic. Ror2 and

In this section we present the magnetic properties and the 0dd the Fe monolayers tend to be antiferromagnetically
total energies of the FéNi; and Fe/Nis superlattices for coupled: the induced ferromagnetic polarization by the Ni
n=1,2,3,4,5,6. We call the FMAF) |IEC the parallelanti-  atoms is destroyed by the intrinsic AF coupling present in
paralle) alignment of magnetic moments between two suc-bulk Fe.
cessive Nj, slabs. We remember that the IEC is defined as In the case of an antiferromagnetic IEEigs. 2 and B
the difference of the total energy between the most stablbesides the ferromagnetic Fe-Ni coupling which is always
magnetic arrangements of Fe atoms in the spacer layers fobtained at the interface,cf2x 2) solution in the central Fe
FM and AF configurations of adjacent N&labs. plane is present fon odd. Thisc(2Xx2) magnetic configu-

We notice also that since Fe atoms have larger momentstion is necessary for a minimization of the spin frustration.
than Ni, for any cases where we considered AF Ni-Fe couA case worthy to discuss is FNi; and Fe/Nig where the
pling between next-nearest-neighbor atoms at the interfacenagnetic moments of the Ni atoms are very strongly de-
we observe a spin flip of the Ni atom in order to have FMpressed because of thi§2< 2) solution in the Fe layer. For
coupling with Fe. However, these magnetic configurationsFe, /Nis the magnetic moments of the interface Ni atoms are
with AF Fe-Ni coupling at the interface are always found toreduced by about 50% relatively to the bulk one (kg8 A
be less stable. more drastic effect is seen for HdNi; where the moments of

After all these hypotheses, we investigate the followingthe interface Ni atoms are strongly reduced (@.Q).
main points:(i) a possible dependence of the IEC versus the
thickness of the Ni slabs by performing calculations of
Fe,/Niz and Fg/Nis for n=1,2,3,4,5,6;(ii) the Fe-Ni cou-
pling at the interface; andiii) the effect of Ni-Fe mixed
interfaces on the stability, the magnetic map, and the IEC.

First, we discuss the magnetic maps of theg /g5 (Fig.

2) and Fg/Nis (Fig. 3 superlattices. Only the most stable
solutions for ferromagneti@eft panels of Figs. 2 and)3&nd
antiferromagnetic(right panel$ IEC’s are reported. The
magnetic moments on the Fe atoms at the interface with Ni§ 2f
are always enhanced as compared to the bulk fcc Fe. Thig
enhancement depends on the Fe spacer thicknesses: it
2.56ug for n=1, 1.93ug for n=2, 1.985 for n=3,4 and
1.95ug for n=5. The magnetic moments of the Fe atoms
decrease when their distance with the Ni slab increases. I
the case of ferromagnetic IEEigs. 2 and B the most stable
configurations display a ferromagnetic coupling between Fe F|G. 3. Magnetic profilesin ug) of Fe,/Nis (n=1,2,3,4,5)
and Ni at the interface. Moreover, for one and two Fe layersuperlattices for FM and AF interlayer exchange couplings between
the superlattice remains totally ferromagnetic. If we stariNi slabs(left and right panels, respectivéiydark and open bars as
with a c(2X2) configuration for Fe as input the convergedin Fig. 2.
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FIG. 4. The energy difference&f—E,g) vs the number of Fe W .
layers for Fg/Niy (dashed lingand Fg/Nis (solid line). Ex and (B\"- --------- E) Qi"- --------- ED\
Ee are, respectively, the energy of the,Fdi; and Fg/Nis su- L O
perlattices in the case of a FM and AF interlayer exchange coupling (} ------------ {) @} -------- ----é)
between the Ni slabs. <---{-@-----1 " - N
Also, if as input for Fg/Ni; we choose a zero magnetic D Q- . T @ —
moment on Fe, after convergence we obtain a solution whic
is ferromagnetic IEC. This is not the case for, Adis; where O O

a zero magnetic moment on Fe remains; this magnetic con

figuration is, however, a metastable one. Roodd andn

>2, if we start with a zero magnetic moment on the central © @

Fe layer in Fg/Ni; and Fg/Nis superlattices, the converged  FiG. 5. Schematic view of the different atomic arrangements

(metastablesolution remains with that zero moment. considered beyond the Ni-Fe interface: Fe layeeshed lines, gray
The difference of the total energies between ferromagcircles and Ni-Fe magnetic layersolid lines; Ni, solid circles; Fe,

netic Ery and antiferromagneti€ g configurations of adja-  open circley stacked along théd02) direction. For an odd number
cent Nj, slabs is reported in Fig. 4 for FENi; (dashed ling  of Fe spacer layers the symmetf® and asymmetri¢b) atomic

and Fg/Ni5 (solid line). We observe very similar behavior arrangements are different. For an even number of Fe spacer layers,
for both Ni thicknesses. The fcc Fe film mediates a decreaghe two arrangementg) and(d) are geometrically similar.

ing oscillatory IEC up tc=4, after which it remains of AF ) ) ) o
type forn=5 and then disappears completely for 6. respect to an occupation of different sublattices with differ-

ent types of atoms as they are geometrically equivdl€igs.
5(c) and Jd)].
In Table | we report the energy differencesH) between
Since Johnsoret al.™ it has been well known that the the energies per supercell of the more stable states of the
Fe-Ni phase diagram shows that a stable alloy between Feuperlattices with perfect and §#iys-ordered interfaces
and Ni can be formed at any composition. Moreover, somg&ersus the value af [the number of Ni (n=>5) and Fe(n)
author§ %32 have explained their experiments via someatoms per supercell is the same in the two chsél the
kind of intermixing in the Fe/Ni superlattices. values reported in Table | are negative; i.e., the superlattices
Here we consider only the case of an ordereg:Ng s With a mixed interfaces are more stable than those with per-
interface of one layer thick. Different local atomic arrange-fect interfaces for all the values of. For this reason we
ments are considered depending on the number of iron layegiscuss here the stability of the iy s-ordered alloy, one
(Fig. 5. If the number of Fe spacer layers is eedd num-  monolayer thick, at the Fe/Ni interface and the effect of this
ber of pure iron layeps two different cases of covering in- interfacial mixing on the magnetic map of the multilayers.
terface planes are distinguishéij:a symmetric arrangement We focus, namely, on the spin polarization of fcc Fe and
where one and the same type of atom occupies the same
sublattice in both ordered(2x 2) magnetic interface layers ~ TABLE . The energy differencesE (mRy) between the super-
[Fig. 5] and (ii) an asymmetric arrangement in which one!attices Fe/Nis with mixed layers at the interfaces and perfect
particular sublattice is occupied by the opposite type of atonnterfaces fom=1,2,3,4,5. All the values oSE (mRy) are nega-
in the two magnetic interfaceFig. 5(b)]. However, from tive; i.e., the superlattices with mixed interfaces are energetically
energy point of view, these two atomic arrangements ar&'0re stable.
found degenerated. The symmetric one appears more favoréed
only by about 6 mRy.
In the case where the number of spacer layers is 0dgE (mRy) —22 —58 -51 —46 —49
(even number of pure Fe layérhere is no distinction with

IV. MIXED INTERFACES

n=1 n=2 n=3 n=4 n=5

144428-4
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FIG. 7. The energy difference&f—E,g) vs the number of Fe
layers in the case of Eeq/NiggFe)s/Niy/NigsFeys. Ep andEar
as in Fig. 4.

FIG. 6. Magnetic profiles  (in MB)
Fe,_1/NigsFeys/Niy/NigsFey s (n=1,2,3,4,5) superlattices  for
FM and AF interlayer exchange couplings between Ni sldéf
and right panels, respectivgjydark and open bars as in Fig. 2.
and two Ni atoms have opposite moment to the Ni consid-
ered, whereas the reffour Fe and four Ni have parallel

discuss the resulting IEC’s in the multilayers with these - A g
mixed Ni-Fe interfaces. moments. This magnetic neighborhood leads to a strong

The magnetic moments of the Fe atoms in thgJ4, s diminution of the magnetic moment of the considered Ni
mixed plane is about 26, (Fig. 6). A decrease of the Fe atoms of the FeNigs plane. Forn=2,4, the more stable
magnetic moment is shown when we go away from Ni simi-State displays a(2x2) configuration for the Fe central
larly to the results already obtained in the case of perfectayer and layer antiferromagnetism for=3. The magnetic
Fe/Ni interfaces. For a ferromagnetic IEC and for1,2,  moments of the Ni atoms of the mixed plane are @.42or
the most stable solution is entirely ferromagnetic. The Nin=2, 0.55 for n=3, and 0.5¢.g for n=4 and 5. Fom
magnetic moment remains close to the bulk value (863 =3, the magnetic moments of the two inequivalent atoms of
For n>2 the most stable solutions display some kind ofthe Fe planes are 1.7 and 1.66.5. These two atoms have
antiferromagnetism—i.ec(2x 2) for n=3 and layered an- equivalent chemical neighborhoods but different magnetic
tiferromagnetism fon=4. Let us discuss in more detail the neighborhoods.
casemn=3 andn=4 for ferromagnetic IEC between the Ni  Magnetic moments and energies of transition metals could
slabs. Fon=3 the two Fe layers are clearly of2X2) type  be quite sensitive to interfacial relaxation especially in the
and the magnetic moments opposite to the Ni polarizatiomonolayer range. In order to have an idea of the variations of
are strongly diminished (0:8). The Ni atoms in the the moments and energies induced by this relaxation, we also
Fey sNig 5 plane undergo a small diminution of their magnetic fixed the distance at the Ni-Fe interface to that of fcc chemi-
moments (0.54g). This decrease arises from thé2x2) cally ordered FeNi. For this compound of=z8lij 5 stoichio-
antiferromagnetic arrangement in the Fe layers. This magmetric, we obtain an equilibrium lattice parameter of 6.70
netic behavior is completely different from the correspond-a.u. However, for this parameter the interfacial Ni-Fe dis-
ing perfect interface for which the(2X2) configuration tance increases only of 2% with respect to the mean value
does not exist. Fon=4 only a layer antiferromagnetic ar- (ag.+ay;)/2. In this case the moments and energies do not
rangement in the Fe film is obtained. All the nearest Fe atundergo significant variations.
oms surrounding Ni have their moment parallel to the Ni  The interesting point which can be retained for the super-
polarization, so that the magnetic moment of Ni of thelattices with mixed interfaces is the competition between the
Fep sNig s mixed layer remains equal to 069. The mag-  Fe-Ni ferromagnetic coupling at the interface and the antifer-
netic moment of the Fe adjacent planes to thgsN& sis  romagnetic coupling between the Fe atoms. As shown in Fig.
1.76ug per atom whereas the atoms in the middle plane o6 the magnetic map depends on this competition. One can
the Fe spacer have a magnetic moment of fgl@pposite to  notice that Fe is not to be considered as a simple spacer since
the Ni polarization. it bears larger magnetic moments than Ni. The coupling be-

For antiferromagnetic IEQight panel of Fig. 6 between tween the Ni-Fe mixed plane and the nearest Fe plane is
two adjacent Ni slabs, the Fe film displays always an antiferromagnetic for the more stable configurations. This can be
ferromagnetic arrangement. Due to this antiferromagnetic orseen by comparison of the energies of Fig. 7 and the mag-
der in the Fe spacer, the magnetic moments on the Ni atomsetic map reported in Fig. 6. This behavior leads to a com-
of the Fg sNig 5 plane are depressed. In thisEHip s mixed — pletely different magnetic map and oscillatory behavior as
plane, the coupling between Ni and Fe is always ferromagthat obtained for the superlattices with perfect interface. One
netic with a high Fe moment. For=1, 6 of the 12 nearest can notice, also, that f¢€00) Fe stacked planes could tend
neighbors of Ni in the RgNigs plane are Fe atoms. The to develop noncollinear magnetic ordering due to the geo-
polarization of these nearest neighbors is as follows: two Fenetrical frustration of the AF fcc structure. However, these

144428-5



A. HADJ-LARBI, S. BOUARAB, AND C. DEMANGEAT PHYSICAL REVIEW B66, 144428 (2002

3.0 T T T T T on the number of Ni atoms in its first coordination shell and
- e it goes from a low value of 105 for fcc bulk Fe to a very

~ 25T /" 1 high moment of 2.ag when Fe has ten nearest Ni neighbors

2 B - 1 (see Fig. 8 for detai)s This is in agreement with the \s-

é 2.0f ,,0’ 1 bauer results of Fratucellet al displaying a high hyperfine

g i /” ] field for Fe atoms close to the Fe-Ni interface with a high-

o 157 ,/ 1 spin ferromagnetic state and a low hyperfine field corre-

g -/ 1 sponding to the inside Fe atoms with a low-

g 101 ¢ 1 antiferromagnetic state.

& i 1 (ii) The Fe-Ni coupling is always ferromagnetic for a per-
0.51 fect interface as well as mixed layer. The iron atoms close to
0.0 [ | | | [ L] the interface tend to order ferromagnetically whereas the at-

T0 2 4 6 8 10 oms inside the fcc-Fe film give rise to an antiferromagnetic
Number of Ni nearst neighbors of Fe arrangement.

FIG. 8. The Fe magnetic moment as a function of the number of (iii) The in-plan.e'c(2><2) antiferroma}gnetig coupling in
its Ni nearest neighbors. the Fe layers stabilizes the IEC by minimization of the frus-

tration in the case of an antiferromagnetic IEC in the

calculations are beyond the capabilities of the TB-LMTO-Fé/Nim (n=1,3,5 andm=3,5) superlattices with perfect
ASA method used here. interfaces and fon=2,4 in the case of an ordered mixed

In Fig. 8 we report the magnetic moment of Fe atomslayer at the interface of fe;/Nig sF€ 5/Nig/Nig 5Fe 5 SU-
versus the number of its nearest Ni neighbors. The number gterlattices. Ac(2x2) configuration is also obtained in the
nearest Ni neighbors depends on the position of the Fe ato§fSe of a ferromagnetic IEC far=3 for the superlattices
in the supercell and the value of The Fe atoms of With mixed interface. _
the mixed plane have ten foreign Ni nearest neighbors (iv) A nonperiodic interlayer exchange coupling between
for n=1, the corresponding magnetic moment beingthe Ni slabs is found. N _
2.65u5, and eight for n=2,3,4,5 with, respectively, (v) Interfacial mixing tends to stabilize the Fe/Ni super-
2.6ug,2.56up,2.585,2.5845 and the mean value is re- Iatqce; and _mod|f|§s strongly the magnetic map and IEC.
ported in Fig. 8. The atoms of the Fe plane, which is adjacent Nis interfacial mixing was detected by LEED, P_DMI%E,
to the mixed plane, have four foreign Ni nearest neighbor@nd Mdsbauer spectroscdby so that we can consider that
for n=2 with 2.2lug and two for n=3,4,5 with OUr ca}lcglatlon whlch_ supports th_|s idea is rgallstlp. H.ow-
1.71ug,1.76ug,1.66ug. The mean value is 1.7ds . ever, it is not clear if our modeling pf the |nter<_j|ffu5|on

In support of the enhancement of Fe magnetic momentwhich is shown to stabilize th_e Fe/Ni superlattbcﬁ the
with respect to the fcc bulk value fdg) even far from the real grpund state. More e.x'perlmental vvprk is necessary to
interface, one can consider the experimental studies oRrobe(i) the alloyed Fe-Ni interfaces and) the interlayer
ColFe multilayers which show that interactions at the Co/Fé&xchange coupling.
interface cause Fe moments enhancements that extend at
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